SUPPLEMENTARY MATERIAL Isotopic provenancing: principles and procedures
Enamel powder for isotopic analysis was collected from the teeth by first burring the area to be sampled to remove possible surface contamination and then extracting a cusp or fragment in the case of friable enamel. Any remaining dentine was carefully removed and the sample ground to powder. The powder is weighed and submitted for measurement.
Measurement of
87 Sr/ 86 Sr in the enamel powder was done in the Geochronology and Isotope Geochemistry Laboratory (Dept. of Geological Sciences, University of North Carolina-Chapel Hill). Samples were dissolved in nitric acid and the strontium fraction purified by ion selective chromatography (Eichrom Sr resin) prior to analysis by TIMS on a VG Sector 54 mass spectrometer run in dynamic mode. Internal precision in the laboratory is consistently around 0.0007% standard error (or 1σ=0.00006 in the ratio of a particular sample). Long-term, repeated measurements of SRM-987 are around 0.710260-an acceptable difference from the recognised value of 0.710250-and raw sample values from individual runs are standardised to the recognised value of SRM-987.
Light isotopes of carbon and oxygen in enamel powder were measured simultaneously in the Environmental Isotope Laboratory (Department of Geosciences, University of Arizona) using a Kiel device attached to a Finnigan MAT252 ratio mass spectrometer.
Samples are converted to CO 2 with dehydrated 70°C phosphoric acid. External precision, as measured by repeated measurements of standard reference materials ) is ±0.08‰ for δ 13 C and ±0.1‰ for δ 18 O.
Strontium isotopes
Strontium isotope analysis provides a robust means for examining past mobility. Strontium moves into humans from rocks and sediment through the food chain (Sillen & Kavanagh 1982; Price 1985 Price , 2000 and deposited in the skeleton. The enamel in teeth forms in early childhood and contains the strontium isotope ratio of the food consumed and the local geology from the first years of life. The ratio in the enamel remains largely unchanged during life and after death. In archaeology, enamel is used as a signal of place of birth. If an individual moves to a new location in a different geologic context, or is buried in a new place, the enamel isotope ratio will differ from the new location, allowing the designation of that individual as non-locally born. Most measurements of human enamel fall in the range of 0.705 to 0.725.
Enamel has been shown to be resistant to contamination and a reliable indicator of biogenic levels of strontium isotopes (e.g. Budd et al. 2000 Budd et al. , 2004 Hoppe et al. 2003; Schoeninger et al. 2003) . Strontium isotope analysis as a means of provenancing has been in use for more than 20 years in bioarchaeological research and is described in detail in a number of articles (e.g. Price et al. 1994 Price et al. , 2002 Price et al. , 2011 Montgomery et al. 2000; Bentley 2006; Montgomery 2010) .
Carbon isotopes in apatite
The primary factors affecting carbon isotope ratios in skeletal tissues are those associated with dietary input of plants (C 3 versus C 4 ) with different patterns of photosynthesis (Farquhar et al. 1989 ) and the consumption of marine foods (Tauber 1981) . Most paleodiet work involving carbon isotopes has focused on the organic collagen in bone.
Carbon is also present in the mineral portion of bone and tooth enamel as carbonate and records the aggregate (protein and carbohydrate) value of individual diet (Sullivan & Krueger 1981; Lee-Thorp et al. 1989; Ambrose & Norr 1993; Lee-Thorp 2002) .
Although there are potential problems with contamination in apatite (e.g. Schoeninger & DeNiro 1982; Hedges 2002) , it can nonetheless provide substantial insight into the composition of individual diet.
Oxygen isotopes in apatite
Oxygen isotopes have been widely used as a proxy for temperature in many climate and environmental studies and vary geographically in surface water and rainfall (Dansgaard 1964) . The oxygen isotope ratio in the skeleton reflects that of body water, and ultimately of drinking water (Luz et al. 1984; Luz & Kolodny 1985; Kohn 1996) , which in turn predominantly reflects local rainfall. Water from food and atmospheric oxygen are minor, secondary sources. Measured oxygen isotope ratios of body water are enriched relative to those of meteoric water in mammalian species due to the combined fractionation effects of the physiological processes involved in regulating daily water flux (e.g., Nagy 1989 
Isotopic baselines in Sweden
A distribution map of runestones provides an approximation for the location of human population in Sweden during the Viking Age ( Figure S1 ). 
Oxygen isotope baselines
Oxygen isotope ratios vary largely with latitude, temperature and elevation. For that reason there is pronounced variation in δ 18 O from south to north in Sweden. Burgman et al. (1987) (Punning et al. 1987 ). An annual average for rainwater is assumed to be c. (Chenery et al. 2012) . Figure S2 . Oxygen isotope ratios in rainfall in Sweden (Burgman et al. 1987) .
We have also measured δ 18 O in human enamel from Viking Age sites elsewhere in Scandinavia, including the Stockholm area, Birka and Gotland. Some of these data are presented in Table S1 . Grødbygård is an Early Medieval cemetery on the 
Strontium isotope baselines
An essential aspect of strontium isotope analysis involves the determination of the local strontium isotope signal (Price et al. 2002) . 
The Baltic
The Baltic Sea, 1600km long and averaging 190km in width, is one of the major bodies of water on earth. The Baltic fills a relatively shallow depression in the earth's surface in 
